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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.
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Sample: RDX was provided by Indian Head and was dried at 60 C for 16 hours, cooled and kept in a
desiccator before use.

Please note that the impact testing was done on both pellets and loose powder which resulted in different
data. The impact test data on the loose powder was similar to what Indian Head and LANL got.
Remarkable consistent results were observed for test results of loose powder RDX. The average impact
sensitivity (DHs,) was 21.5 cm and the average friction sensitivity (Fs,) for loose powder was 26.9 kg,
respectively. DSC charts showed that peak temperatures and onset temperatures for all 3 runs of RDX

samples were almost identical. All electrostatic spark sensitivity was 0/10 @ 1.0 J with a 510-ohm

resistor in the discharge circuit.

Impact Test Result Summary for RDX

Sample ID Test Date | Temperature, Relative Height for 50% Standard
F Humidity Reaction (DHs,), | Deviation (o),
(RH), % cm log unit
RDX (IH), 11/19/09 o 18 32.3 (29.3-35.6) 0.042
15089,
pellets
RDX (IH), 2/8/10 74 22 21.5 (20.8-22.3) 0.015
15089, loose
powder
RDX (IH), 2/16/10 T3 23 21.4 (19.8-23.2) 0.035
15089, loose
powder
Friction Test Result Summary for RDX
Sample ID Test Temp., F | Relative Friction Friction Load for 50% | Standard
Date Humidity Reaction Reaction Reaction Deviation
(RH), % CrILg® 1/10 @ kg (Fs), kg (0), log unit
0/10 @ kg
RDX (IH), | 11/23/09 73 18 19.2 21.6 29.2 (25.8- 0.054
15089 33.1)
RDX (IH), 2/9/10 T3 23 21.6 24.0 27.8 (25.0- 0.046
15089 30.9)
RDX (IH), | 2/16/10 73 30 16.8 19.2 23.6 (20.1- 0.070
15089 27.8)




e TIL- Threshold initiation is the load (kg) at which zero reaction out of ten trials with at least one

reaction out of ten trials at the next higher load level.

Static Spark Test Result Summary for RDX

Sample ID | Test Date | Temperature, F Relative Spark Reaction*®
Humidity (RH), 0/10 @
%

RDX (IH), 11/18/09 73 18 1.0 Joule
15089

RDX (IH), 2/8/10 73 23 1.0 Joule
15089

RDX (IH), 2/16/10 73 30 1.0 Joule
15089
* With a 510 ohms resistor in the discharge circuit.

DSC Test Result Summary for RDX
Sample ID | Test Date DSC Onset/Peak DSC Onset/Peak
Temperature, F Temperature, F
Closed Hermetic Pan, C Pinhole Hermetic Pan, C

RDX (IH), 12/01/09 205/233.5 203/241.8
15089 ;

RDX (IH), 02/04/10 205/235.6 203/240.7
15089

RDX (IH), 02/04/10 203/233.7 203/241.5
15089

Energetic Materials Center

Lawrence Livermore National Laboratory

L

Unclassified Correspondence




Impact (drop hammer) Test Worksheet

Test Date:

11/19/09

Sample description: RDX (Indian Head) standard. first test of first series

ID Number:

15089

Temperature:

Table 1: Impact test for determining the height for 50% reaction

75F

Relative humidity:___18%

Height, |1 |2 |3 |4 |5]6 |7 [8]9 [10[11]12[13 |14 [15 [3X |30
cm |
25.0 0 0 0
28.1 0 0 X X X 0
315 [0 X X X 0
35.4 X
Total: 7 8

* X- reaction indicated by voltmeter reading= 1.3V
0- no reaction indicated by voltmeter reading < 1.3V

o

H

Gary Hust

Operator

Peter C. Hsu
RI for impact test




DROP HAMMER TEST REPORT

Operator:
Reviewed and approved by:
Date of Test:

Name of Explosive:
Identification Number:
Composition:

Reguester:

Project No:

Task No:

Sample Description:
Test Type:
Temperature:
Humidity:

Book Reference:

Number of X's

Number of O's

+/- 0.5

Least Height for X's or O's
LOG of Least Height

LOG of Interval

# of Events at Least Height
# of Events at Next Height
# of Events at Next Height
# of Events at Next Height
# of Events at Next Height
# of Events at Next Height

Dhso CALCULATION

REMARKS:

Sum (N, * i)

Sum of Events for Calculation
LOG of Dhgg

Dhsu

Gary Hust ;
Peter Hsu <47
11/19/08

RDX
15089

IDCA

Peter Hsu
30532

21.3

35 mg Pellets
12A

75°F

18%

22-155

7

8

0.5

28.1

1.4487

0.05

28.1
315
354
38.7
445
50.0

OO0 WwWw

1.6094
323 cm

STANDARD DEVIATION CALCULATION

Sum (N; * %)
STANDARD DEVIATION

MAXIMUM Dhs,
MINIMUM Dhs,

0.042

356 cm
23.3 cm

3.3
3.0

RDX.111909DH.xls



Friction Test Worksheet

Test Date:

11/23/09

Sample description: RD

ID Number:

15089

Temperature: 73 F

tan

rd, fir,

first series

Relative humidity:__18%

Table 1: Friction test for determining the load for threshold reaction

Load, kg | 1 z2 13 4 5 6 7 8 (9 10 | #of
reaction
25.2 X X 20f2
24.0 0 0 X 0 0 0 0 0 0 X 2of 10
21.6 0 0 0 X 0 0 0 0 0 0 10f10
19.2 0 0 0 0 0 0 0 0 0 0 0of10
* X- reaction, 0- no reaction
Table 2: Friction test for determining the load for 50% reaction
load,[1 [2 [3|4|5|6 |7 |8 |9 |10 |11 12|13 (14 |15 |3X |30
kg
216 | O 0 0 0 0
25.2 0 X X X X 0
28.8 X 10 X ]
324 X |
Total: 7 8

& H.

Gary Hust
Operator

Peter C. Hsu
RI for friction test




STwW

FRICTION TEST REPORT

Operator: . GaryHust = Testdate: | 11/23/09
Reviewed and approved by: = Peter Hsu ’}?x'i
Requester: :
| Book
Project No: i 30532 Reference:
Task No: | 213 :
Material: Dried RDX from indian Head

Identification Number: 15089

Composition: ] RDX, 90%, HMX, 10%
Temperature: - 73F .
Relative Humidity: =~ 18%
Test Results: 110 @ 21.6kg g
Number of X's . P " Datasheet Lo
Number of O's i 8 : Weight  Go(X) NoGo (O)
+#-05 05 : | 218 i 0
Least Friction Weight for X's !
orO's e iy 25.'2 3 25.2 P i ns o
LOG of Least Friction Weight  ~ 1.4014 288 X
LOG of Interval g 0.06 ' 252 X :
. #ofEvents Wi kg ‘ 216 )
# of Events at Least Weight 4 252 252 X
# of Events at Next Weight | 2 28.8 216 ; (0]
# of Events at Next Weight 1 - 324 I 252 i X .
# of Events at Next Weight 0 372 21.6 : e
# of Events at Next Weight 0 427 252 X
# of Events at Next Weight 0 490 216 0
s 25.2 | 0
Dhs; CALCULATION e 288 i@
. . . %24 X
sum (N, *i) 4 : ; 28.8 X |
Sum of Events for Calculation 7 Total T 8
LOG of Fso 1.4657 L
Fso 202 = Kg
NDARD DEVIATION CALCULATION
"STANDARDDEVIATION ~ ~ ~  0.054
 MAXIMUM Fs, 39 381  Kg
MINIMUM Fso -3.4 25.8 Kg
RDX_1.1-up&dn.xls




ELECTROSTATIC SPARK TEST REPORT

REMARKS:

RDX.111809S.xls

Operator: Gary Hust (5. )/ Test Date:  11/18/09

Reviewed and Approved by : Peter Hsu T"\“ff ; SR

Requestor: Peter Hsu

Project No: 30532

Task No: 213

Temp: 73 °F
Material: RDX IDCA
R.H: 18%

ID Number: 15089

Composition:
CAP. VOLTS RESISTANCE| GAP ENERGY REACTION
(pF) (kV) (ohms) (in.) (Joules) (YES or NO)
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO

0 OF 10 TESTS @ 1.0 JOULES WITH 510-OHM RESISTANCE

ISSPARK SENSITIVE __ X IS NOT SPARK SENSITIVE
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Impact (drop hammer) Test Worksheet

Test Date: 02/08/10

Sample description: RDX (Indian Head) standard, second test of first series

ID Number:__15089

Temperature: 74 F Relative humidity:__22%

Table 1: Impact test for determining the height for 50% reaction

Height, |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 (11|12 |13 |14 |15 | XX |20
cm

22.3 0 0 0 0

25.0 0 X X X X X

28.1 X X

31.5 X

35.4 X

39.7 X

Total: 7 8

* X- reaction indicated by voltmeter reading= 1.3 V
O- no reaction indicated by voltmeter reading < 1.3 V

s H potec pp—

Gary Hust Péter C. Hsu
Operator RI for impact test




DROP HAMMER TEST REPORT

Operator:

Reviewed and approved by:

Date of Test:

Name of Explosive:
Identification Number:

Gary Hust & H
Peter Hsu %
2/8/10

RDX IDCA
15089

Composition: RDX 90%, HMX, 10%
second test of first series

Requester: Peter Hsu

Project No: 30458

Task No: 108225

Sample Description: 35 mg Powder

Test Type: 12A

Temperature: 74 °F

Humidity: 22%

Book Reference: 23-18

Number of X's 10

Number of O's 5

+/-0.5 -0.5

Least Height for X's or O's 223

LOG of Least Height 1.3483

LOG of Interval 0.05

# of Events at Least Height < 22.3

# of Events at Next Height 1 25.0

# of Events at Next Height 0 28.1

# of Events at Next Height 0 31.5

# of Events at Next Height 0 35.3

# of Events at Next Height 0 39.7

Dhsy CALCULATION

REMARKS:

Sum (N; * i) 1

Sum of Events for Calculation 5

LOG of Dhgg 1.3333

Dhso 21.5 cm

STANDARD DEVIATION CALCULATION

Sum (N, * i?) 1

STANDARD DEVIATION 0.015

MAXIMUM Dhsg 0.8 22.3 cm

MINIMUM Dhgq -0.7 20.8 cm

RDX(IH)-1.2-DH.xls



Friction Test Worksheet

Test Date: 02/09/10

Sample description: RDX (Indian Head) Standard, second test of first series
ID Number:__15089

Temperature: 73 F Relative humidity:__ 23%

Table 1: Friction test for determining the load for threshold reaction

Load, kg | 1 2 3 4 5 6 7 8 9 10 | #of
reaction

24.0 X 0 0 0 0 0 0] 0 0 0 10f10
21.6 0 0 0 0 0 0 0 0 0 0 0of10
* X- reaction, O- no reaction

GH. Ditec. fE———

Gary Hust Pefer C. Hsu
Operator RI for friction test




\ _E_RICTION TEST REPORT

_______ Operator | GayHust&fTestdate: 2910
| Reviewed and approved by: | Petertisu DX BN

_Requester. | Peterhsu & ™~ A .
Book i

_ProjectNo: | 30458 | Reference: . 368

Material: _~ Dried RDXfromindianHead

- Temperature o ?30F i . .

" Relative Humidity: | 23% | . S

""""""" Test Results: 10f10 f0@240kg.

""""" Tt TR

Number of X's
“"'Numberof O's
R s S
Least Friction Weight for X's |
orO's

LO{_";__of Least Friction ngght
LOG of Interval N

~ # of Events at Next Weight 5
g e R U
# of Events at Next Weight
" # of Events at Next Weight :
3 of Events ot Next Weight ™=

L0 R g

‘Sum of Events for Calculation| 9 _
~ LOG of Fs 14445 i I—

Fo | e —

~IDARD DEVIATION CALCULAFION BN S

Sum (R g

MAXIMUM Fso 31 T I

MINIMUM Fg, 2.8 250 = Kg

RDX(IH)-1.2-F-up&dn.xls



Operator:

ELECTROSTATIC SPARK TEST REPORT

Gary Hust & H- Test Date:  2/8/10

Reviewed and Approved by : Peter Hsu 13

Requestor. Peter Hsu

Project No: 30458 IDCA

Task No: 108225

Temp: 73 °F
Material: RDX '
second test of first series R.H: 23%

ID Number: 15089

Composition: RDX 90%, HMX 10%
CAP. VOLTS RESISTANCE| GAP ENERGY REACTION
(pF) (kV) (ohms) (in.) (Joules) (YES or NO)
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 007 1.00 NO

0 OF 10 TESTS @ 1.0 JOULES WITH 510-OHM RESISTANCE

IS SPARK SENSITIVE X IS NOT SPARK SENSITIVE

REMARKS:
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Impact (drop hammer) Test Worksheet

Test Date: 02/16/10

Sample description: RDX (Indian Head) standard, third test of first series

ID Number:__15089

Temperature: I3 EF Relative humidity:___23%

Table 1: Impact test for determining the height for 50% reaction

Height, {1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 [15 |3X |30
cm

19.9 0

22.3 0 0 0 X 0

25.0 X 0 X X X 0 1 X

28.1 X X

31.5

35.4

397

Total: 8 7

* X- reaction indicated by voltmeter reading = 1.3 V
0- no reaction indicated by voltmeter reading < 1.3V

GH Doke £ JF—

- Gary Hust Petér C. Hsu
Operator RI for impact test
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DROP HAMMER TEST REPORT

Operator:

Reviewed and approved by:

Date of Test:

Name of Explosive:
Identification Number:
Composition:

Requester:

Project No:

Task No:

Sample Description:
Test Type:
Temperature:
Humidity:

Book Reference:

Number of X's

Number of O's

+/-0.5

Least Height for X's or O's
LOG of Least Height

LOG of Interval

# of Events at Least Height
# of Events at Next Height
# of Events at Next Height
# of Events at Next Height
# of Events at Next Height
# of Events at Next Height

Dhs, CALCULATION

REMARKS:
Sum (N; * i)

Sum of Events for Calculation

LOG of Dhsg
Dhsg

Gary Hust GT 3’{

N

Peter Hsu /F
2/16/10

RDX
15089
RDX 90%, HMX 10%

STANDARD DEVIATION CALCULATION

Sum (N, * %)
STANDARD DEVIATION

MAXIMUM Dhg,
MINIMUM Dhsg

Peter Hsu
30458
108225
35 mg Powder
12 A
73 °F
27%
23-19
8
7
-0.5
19.9
1.2989
0.05
1 19.9
4 22.3
2 251
0 28.1
0 31.5
0 35.4
8
7
1.3310
21.4 cm
12
0.035
1.8 23.2 cm
-1.7 19.8 cm

RDX(IH)-1.3-DH.xls



Friction Test Worksheet

Test Date:

02/16/10

Sample description: RDX (Indian Head) standard, third test of first series
ID Number:__15089

Temperature:

723 F

Relative humidity:_ 30%

Table 1: Friction test for determining the load for threshold reaction

Load, kg | 1 2 3 4 5 6 7 8 9 10 | #of
reaction
21.6 0 0 X 0 0 X 20f6
19.2 0] 0 0 0 0 0 0 0 0] X 10f10
16.8 0 0 0 0 0 0 0 0 0 0 0of 10

* X- reaction, O- no reaction

G- M,

Gary Hust
Operator

Defe - p£-

/

—

Péter C. Hsu

RI for friction test




FRICTION TEST REPORT

Requester:

Reviewed and approved by: Peter Hsu

Book
Reference:

Operator: Gary Hust é{ jJ,Test date: 2/16/10

ol

Project No: i 30458

Material. 'Dried RDX from IndianHead 1
~ Third test of first series '

L R R

.omposition: |

BLYS, 0,

Temperature: | 73°F

Relative Humidity:

30%

~ TestResults: 00f10

Test Results: 1010 '1/10 @ 19.2 kg

S

Number of O's___

Datasheet

28.8

No Go ()

25.2

B S

" Least Friction Weight for X's

orO's : 216

LOG of Least Friction Weight |~ 1
LOG of Interval

3345

25.2

X
X

g

L -

21.6

0.06

" # of Events at Least Weight

_¥ofEvents =

216 :

# of Events at Next Weight

- Fof Everlts SE NG WeighE | ——

25.2

# of Events at Next Weight |
# of Events at Next Weight

o ofwiniw

- of Events at Next Weight T

ST

216

0 0oo o

ST N

_..Dhe CALCULATION T

 Sumof Events for Caleulation

Fso

LOG of Fsg T

Sum (N, ¥#)

MAXIMUM Fs,

. STANDARD DEVIATION """

MINIMUM Fs,

-3.5

Srw

RDX(IH)-1.3R-F.xlIs



Operator:

ELECTROSTATIC SPARK TEST REPORT

Gary Hust & H. Test Date:  2/16/10

Reviewed and Approved by : Peter Hsu ’Fsﬁ“ {/

Requestor: Peter Hsu

Project No: 30458 IDCA

Task No: 108225

Temp: 73 °F
Material: RDX
third test of first series R.H: 30%

ID Number: 15089

Composition: RDX 90%, HMX 10%
CAP. VOLTS RESISTANCE| GAP ENERGY REACTION
(pF) (kV) (ohms) (in.) (Joules) (YES or NO)
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO
20K 10 510 .007 1.00 NO

0 OF 10 TESTS @ 1.0 JOULES WITH 510-OHM RESISTANCE

IS SPARK SENSITIVE X___ IS NOT SPARK SENSITIVE

REMARKS:
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